Introduction
============

Recent years have seen an important and rapid development of methods and technologies dedicated to the assessment of body composition and especially to the quantification of total and regional body fat ([@b2-jhk-47-73]). This improvement is mainly due to a growing interest in body fat estimation and relates to the alarming progression of overweight, obesity, and their metabolic complications. A large range of methods are nowadays available to assess or directly measure body composition, from field testing to laboratory or clinical technologies. Estimations derived from anthropometric measurements, such as skinfolds or a Body Adiposity Index have proved their validity ([@b4-jhk-47-73]; [@b3-jhk-47-73]; [@b20-jhk-47-73]), but remain indirect estimations. At the opposite, Magnetic Resonance Imagery (MRI) or Dual-energy X-ray absorptiometry (DXA) offer high accuracy and precision, but remain expensive and of limited access (clinical or laboratory settings). Since body composition assessment is of particular interest in both clinical and training fields, it seems necessary to use accessible tools able to provide accurate and validated results, almost as precise as gold standard methods (such as DXA or MRI). Bioelectrical impedance analyses (BIA) have been developed to offer a reliable alternative between direct and indirect measurements. Although this technology achieves great success in various domains (dietitians, clinical setting, training centers, etc.), scientific results remain contradictory concerning its ability to properly measure body fat compared with reference methods ([@b13-jhk-47-73]; [@b9-jhk-47-73]). While some studies report that BIA offers accurate estimates of body fat percentage ([@b14-jhk-47-73]; [@b12-jhk-47-73]), some others observed overestimated percentage of body fat ([@b17-jhk-47-73]), or underestimated values ([@b8-jhk-47-73]; [@b24-jhk-47-73]). Beyond the simple estimation of body fat, some authors have shown different limits of agreement when comparing body composition (fat mass and fat-free mass) between BIA and DXA ([@b18-jhk-47-73]; [@b7-jhk-47-73]; [@b9-jhk-47-73]). Assessing body composition using BIA remains highly difficult because of the strict conditions required to perform the test. It is indeed very difficult in practice to perform analysis in fasted patients, under strictly controlled ambient temperature and hydration status. To overpass such methodological and practical limitations, recent devices based on the BIA technology have been developed that allow measurements at any time of the day, without nutritional or physical activity constraints.

The first aim of this work was to compare the use of a newly developed bioelectrical impedance analyzer (BIA) with a DXA scan when assessing body composition in healthy young adults. We also questioned whether or not the physical activity level of individuals could affect the accuracy of their body composition assessment using BIA.

Material and Methods
====================

Population and design
---------------------

A total of 80 healthy young adults aged 19 to 30 years old were recruited among students and academics from the local university. All of them had a healthy Body Mass Index (BMI) between 20 and 25 kg/m^2^ (according to the World Health Organization). All the participants were informed of the purpose of the study, received information sheets and signed consent forms. Once included in the study, the participants visited the laboratory for assessment of their body composition and anthropometric measurements. They were also asked to wear a tri-axial accelerometer for 7 days to objectively assess their physical activity level. Of the initially 80 enrolled participants, complete data for body composition (DXA and BIA) were obtained from 71 subjects (36 males and 35 females). Fifty-five accepted to wear the accelerometer for 7 days and clean data for physical activity level were obtained from 41 subjects.

Anthropometric measurements and body composition assessment
-----------------------------------------------------------

A digital scale was used to measure body mass to the nearest 0.1 kg, and barefoot standing height was assessed to the nearest 0.1 cm by using a wall-mounted stadiometer. The Body Mass Index (BMI) was calculated as body mass (kg) divided by height squared (m^2^). Body composition was then assessed on the same occasion by dual-energy X-ray absorptiometry and impedance analysis as follows:

Dual-energy X-ray absorptiometry
--------------------------------

Percentage Fat Mass (FM) and absolute Fat mass and Fat Free Mass (FFM) were assessed using dual-energy X-ray absorptiometry (QDR4500A scanner, Hologic, Waltham, MA, USA). From DXA analysis, abdominal fat mass (visceral and subcutaneous tissues) was determined manually by an experienced technician by drawing a rectangular box around the region of interest between the vertebral bodies of L1 and L4. The upper limit was set with a horizontal line going through the T12/L1 disk space and the lowest limit was set with a horizontal line going through the L4 and L5 disk space ([@b11-jhk-47-73]; [@b1-jhk-47-73]). Data were analyzed with Hologic QDR software for Windows (version 12.6). This method had been previously used and validated ([@b11-jhk-47-73]) among different populations ([@b20-jhk-47-73]; [@b1-jhk-47-73]).

Bioelectrical impedance
-----------------------

The bioelectrical impedance measurements were performed with the Tanita MC780 multi frequency segmental body composition analyzer. This consists in a stand-alone unit where the subject has to step on barefoot (standard mode). Information concerning the subject (age, gender and height) are entered by the experimenter. Once body mass has been assessed by the scale, the subject has to take grips in both hands (alongside his body) during the impedance measure (Hand to foot BIA). A full segmental analysis is performed in less than 20 s. Segmental fat mass and fat-free mass values are indicated by the end of the analysis on the digital screen (trunk, left and right arms and legs); as well as total body fat, fat-free mass and water. A visceral index (from 1 to 55) is also proposed as an estimation of visceral fat. Total fat and Fat-Free Mass, as well as the visceral adiposity index were reported by the investigator into an excel sheet for statistical treatment.

Physical activity level
-----------------------

The participants were asked to wear a portable Actigraph during 7 consecutive days to assess their physical activity level. The Actigraph GT3X activity sensor consists of a three-axial acceleration sensor (adxl335, Analog Devices, Boston, USA; range: ± 3 g; sampling rate: 30 Hz; resolution: 12 bit). The actigraph weighs 27 grams and measures 3.8 × 3.7 × 1.8 cm. This device can be worn either at the wrist or hip and can record activity for up to 21 consecutive days. In the present work, the participants were asked to wear the accelerometer at their hip for 7 days. They were instructed to remove the accelerometer when water contacts were possible (shower or swimming pools). If they removed the device to swim, they had to indicate the exact day and hour and to describe their session. The recorded data were saved as activity counts on a 4 MB flash memory and transferred to the computer via a standard USB 2.0 interface. Using the information from the Actigraphs, a 24 h physical activity level was estimated for each participant. The impact of PAL was analyzed following two different approaches: as an adjustment factor and by dividing the sample by 2 according to the PAL obtained (50% above and 50% under the median PAL).

Statistical analysis
--------------------

Statistical analysis was performed using Stata 13 software (StataCorp LP, College Station, TX, US). The tests were two-sided, with a type I error set at α = 0.05. To study the agreement between two measurement methods (BIOA TANITA MC780 and DXA) for MGtot and FFMkgtot, statistical analyses considered correlation coefficients (Pearson or Spearman according to statistical distribution), the concordance Lin coefficient, the intra-class correlation coefficient (ICC estimated using random effects model) and the Bland and Altman representation. For Visceral rating, only the correlation analysis was applied because the scale was not identical for the two measurement methods. Before considering subgroup analyses according to PAL, multiple linear regressions were proposed taking into account PAL as an adjustment factor. The regression coefficients, associated 95% confidence intervals and r^2^ were studied. Then, with regard to the statistical distribution of PAL, previous analyses were reproduced for PAL ≤ ≥ median. In addition, a sensitivity analysis was performed to complete these analyses and to ensure that the results were the same by varying the PAL discriminating threshold (data not shown).

Results
=======

The mean age of the whole sample (n=71) was 22.7 ± 3.5 years old with mean body mass of 65.8 ± 11.6 kg and a Body Mass Index of 21.61 ± 4.81 kg/m^2^. The PAL of the participants ranged from 231585 to 1014887 counts/min/24h. [Table 1](#t1-jhk-47-73){ref-type="table"} details the body composition values obtained using both DXA and BIA for both genders and the whole sample. The percentage of Fat Mass and the absolute FFM (kg) obtained were not statistically different between DXA and BIA in females, males and for the whole group.

There was a significant correlation between the percentage of fat mass measured by DXA and the one measured by BIA (p\<0.001; r= 0.852), with an intra-class correlation coefficient *ICC* \[IC~95%~\] of 0.84 \[0.75 -- 0.90\] and a concordance coefficient of 0.844. The correlation coefficient considering the physical activity level between BIA-FM% and DXA-FM% was 0.84. The [Figure 1A](#f1-jhk-47-73){ref-type="fig"} shows the Bland and Altman analysis for DXA-FM% and BIA-FM%. There was a significant correlation between total fat-free mass in kilograms assessed by DXA (DXA-FFM) and BIA (BIA-FFM) (p\<0.001; r=0.976). The intra-class correlation coefficient *ICC* \[IC~95%~\] was 0.95 \[0.93 -- 0.97\] with a concordance coefficient of 0.955. The correlation coefficient considering the physical activity level between BIA-FFM and DXA-FFM was 0.95. The plots of the Bland-Altman analysis are shown in [Figure 1B](#f1-jhk-47-73){ref-type="fig"}. Although correlation analysis between central FM percentage assessed by DXA and the visceral index proposed by the BIA reached the level of significance (p\<0.05), the correlation coefficient remained very low (r=0.275; with PAL as an adjustment factor: r=0.240). The same results were obtained when considering males and females separately.

Considering only the 41 participants that wore the accelerometers for 7 days, DXA-FM% and BIA-FM% were significantly correlated (p\<0.001; r = 0.839) with a concordance coefficient of 0.84 and the ICC \[IC~95%~\] of 0.84 \[0.73--0.91\]. DXA-FFM and BIA-FFM were also significantly correlated (p\<0.001; r = 0.935), with a concordance coefficient of 0.96 and the ICC \[IC~95%~\] of 0.96 \[0.92--0.98\]. The correlation coefficient between the percentage of central fat mass assessed by DXA and the visceral index proposed by BIA was r= 0.36 (p\<0.05).

When considering 50% of the sample that presented a PAL under the median, DXA-FM% and BIA-FM% were significantly correlated (p\<0.001; r = 0.835) with a concordance coefficient of 0.84 and the ICC \[IC~95%~\] of 0.84 \[0.66--0.93\]. DXA-FFM and BIA-FFM were also significantly correlated (p\<0.001; r = 0.938), with a concordance coefficient of 0.93 and the ICC \[IC~95%~\] of 0.96 \[0.84--0.97\]. The correlation coefficient between the percentage of central fat mass assessed by DXA and the visceral index proposed by BIA was r= 0.28 (p\<0.05).

In 50% of the sample with a PAL above the median value, DXA-FM% and BIA-FM% were significantly correlated (p\<0.001; r = 0.833), with a concordance coefficient of 0.84 and the ICC \[IC~95%~\] of 0.84 \[0.67--0.93\]. DXA-FFM and BIA-FFM were also significantly correlated (p\<0.001; r = 0.972), with a concordance coefficient of 0.97 and the ICC \[IC~95%~\] of 0.96 \[0.93--0.99\]. The correlation coefficient between the percentage of central fat mass assessed by DXA and the visceral index proposed by BIA was r= 0.38 (p\<0.05). The same results were obtained when considering males and females separately.

Discussion
==========

The aim of the present work was to compare total body fat, visceral fat and lean body mass assessed by Dual energy X-ray absorptiometry and a newly developed bio-electrical impedance (Tanita MC780) among healthy normal weight young adults, depending on their objectively measured level of physical activity.

Our results underline a high level of correlation between the two methods (DXA and BIA) when measuring total body fat percentage (r=0.852, ICC: 0.84) with a high level of concordance (0.844). Previous studies have compared the use of BIA with DXA or MRI as gold standards to measure body fat percentage in various populations, and most of them found that the bio-electrical impedance was a less accurate method ([@b9-jhk-47-73]; [@b21-jhk-47-73]; [@b23-jhk-47-73]; [@b22-jhk-47-73]), providing underestimated ([@b8-jhk-47-73]; Wattanapenpaiboon et al., 2000) or overestimated ([@b17-jhk-47-73]) values. Importantly, it has to be kept in mind than electrical impedance in evaluation of body composition is highly dependent on the hydration state of the body as the resistance of body tissues especially muscle changes according to the mineral and water content. The fact that our sample was mainly composed of healthy normal-weight young adults (19--30 years old) certainly explains why we found an important agreement between the two methods. Indeed, our whole sample presents a low and relatively homogenous percentage of total body fat (19.2 ± 6.5 % according to the DXA scan). [@b21-jhk-47-73] recently showed in young adults that the bias of measure between the two methods raises with increased body fat percentage. In other words, the higher is the percentage of body fat, the higher is the discrepancy between DXA and BIA. Our results also show a high level of agreement between BIA and DXA methods for the assessment of Fat Free Mass. This result is in line with the recent paper of [@b23-jhk-47-73] concluding that BIA is an accurate method to measure skeletal muscle mass and fat free mass in middle aged (mean age of 48 years old) men and women ([@b23-jhk-47-73]). However, [@b21-jhk-47-73] and [@b9-jhk-47-73] found slightly nuanced results with wide limits of agreement between the two methods despite close means in normal weight and athletic women. As previous BIA devices, the newly developed TANITA MC780 proposes a visceral adiposity index (ranking from 1 to 55, 1 being the lowest level of visceral adiposity). Although the DXA scan does not provide a direct measure of visceral fat, it allows to estimate central adiposity ([@b11-jhk-47-73]; [@b1-jhk-47-73]). The present analysis revealed that the BIA-proposed visceral adiposity index was not accurate when compared with the DXA-estimated central adiposity percentage, which is in accordance with previously published results ([@b23-jhk-47-73]). [@b16-jhk-47-73] compared the use of a single frequency BIA with DXA and MRI and found that although BIA overestimated visceral fat compared with MRI in obese adults (especially in males), it remained a good cross-sectional measure of visceral fat, however, was not accurate in investigating longitudinal changes. The validity of the BIA-derived index has been shown to be highly dependent on the subject's weight status, as it underestimates visceral fat in people with a BMI below 35 kg/m^2^ and overestimates it when their BMI overpasses 35 kg/m^2^ ([@b5-jhk-47-73]).

Although the importance of weight status when using BIA has been widely studied and highlighted, less data are available regarding the impact of the individuals' physical activity level (while BIA is often used among athletes). As most of the BIA devices propose to perform the analysis using a "standard" or "athlete" model, [@b19-jhk-47-73] compared the use of both modes among active, moderately active and low active 18 to 35 years old healthy men. Using a foot-to-foot BIA, the authors found that the body fat percentage was not different when assessed following the standard or athlete mode in people with a low activity level, while it was higher using the athlete mode in both moderately active and active subjects ([@b19-jhk-47-73]). Similarly, they found that Fat-Free Mass was higher using the athlete mode regardless of the subjects' physical activity level ([@b19-jhk-47-73]). Although their work was the first to question the importance of the PAL when assessing body composition by BIA, they did not compare the obtained values with a gold standard measure and they used a highly subjective method to assess PAL (questionnaires). With the same methodological limits (questionnaires to assess PAL), [@b22-jhk-47-73] compared the results from BIA and DXA and found that the fat mass percentage was underestimated using BIA in people with a low physical activity level (Volgyi et al., 2003). In their recent work, [@b10-jhk-47-73] were the first to compare the use of BIA and DXA depending on objectively measured PAL. The results showed a high level of correspondence between the two methods when assessing FM% and FFM in postmenopausal women with different physical activity levels ([@b10-jhk-47-73]). Although they used an objective method to assess PAL, the selected accelerometers were uni-axial and may have underestimated PAL. In the present work, the participants were asked to wear a tri-axial Actigraph accelerometer for 7 days. According to our results, whatever the individual's level of physical activity, the Tanita MC780 provides an accurate measure of both FM% and FFM, without gender differences. Although BIA devices propose an "athlete" mode, it remains difficult for the experimenter or the subject to estimate whether or not this mode should be applied (except for highly active individuals). Our data suggest then that in healthy young adults presenting a wide range of the physical activity level, the standard mode can be used regardless of the level of physical activity to accurately assess body composition.

The relatively large sample size (n=71) represents one of the methodological strengths of the present comparison between the two devices, however, the reduced number of participants that properly wore the accelerometers (n=41) might be a limitation. Once more, the relatively homogenous nature of our sample may explain the fairly good correspondence between BIA and DXA, which suggests the need for complementary studies involving people from other weight status. The main strength of the present work remains the use of a highly objective method to assess the participants' physical activity using a 3-dimensional accelerometer.

The newly developed BIA Tanita device (MC780) provides then an accurate tool to measure total body fat percentage and Fat Free Mass, but not visceral fat, in healthy young males and females, regardless of their level of habitual physical activity. This method can be recommended to the physical training staff or personal coaches as part of their training programs, however, further investigations are needed to test its validity among particular populations such as overweight or obese subjects.
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###### 

Body composition results obtained using both DXA and BIA for both genders and the whole sample

                   Females       Males        Whole group                              
  ---------------- ------------- ------------ ------------- ------------ ------------- ------------
  FM %             23.7 ± 5.5    22.1 ± 5.1   14.3 ± 3.2    14.8 ± 4.4   19.2 ± 6.5    18.4 ± 6.0
  Central FM %     21.8 ± 6.4    /            15.9 ± 4.2    /            18.9 ± 6.2    /
  FFM kg           44.1 ± 5.22   43.2 ± 4.2   60.9 ± 8.2    58.0 ± 7.3   52.3 ± 10.7   50.2 ± 9.5
  Visceral Index   /             1.3 ± ,0.7   /             2.3 ± 2.1    /             1.81 ± 1.6

%: percentage; DXA: Dual-energy X-ray absorptiometry; BIA: Bioelectrical Impedance Analysis; kg: kilograms.
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